Most autotrophic organisms. ranging from bacteria to plants, assimilate CO, through the reductive pentose phosphate cycle. The first step in this pathway, catalysed by RuBPCase (EC 4.1.1.39), is often a rate-limiting step in crop productivity. This enzyme has a low rate of catalysis and it is not saturated at the concentration of CO, normally found in air. It also functions as an oxygenase. initiating photorespiration to further reduce the efficiency o f CO, fixation (Miziorko & Lorimer, 1983; Ogren. 1984) . RuBPCase from plants, algae and many bacteria is composed of eight large and eight small subunits. The structure and function of RuBPCase has been studied in considerable detail, and RuBPCase genes from several organisms have been cloned and sequenced (Miziorko & Lorimer, 1983) . Recent developments include the formation of hybrid enzymes in vitro (Andrews & Lorimer, 1985) and expression of an active plant-type RuBPCase from S~~ticc~hoc~oi~cu.~ in Eschcrichiu coli (Gatenby et ul., 1985) . Site-directed mutagenesis of RuBPCase genes is also underway in several laboratories.
Studies of the molecular biology of C 0 2 fixation have, however. been hampered by inadequate genetic systems. Several bacteria, blue green algae and unicellular algae hold promise in this area. We have focused our attention on the Gram-negative bacterium Alcaligenes eutrophus. This is a facultative chemoautotroph with several properties that makes it well suited as a simple system for studies of C 0 2 fixation. It exhibits rapid autotrophic growth in an atmosphere of H 2 , O2 and C 0 2 . C 0 2 is fixed Abbreviations used: RuBPCasc. ribulose-bisphosphate carboxylase; kh. kilohase. through the reductive pentose phosphate cycle with a RuBPCase consisting of large and small subunits like the plant enzyme (Bowien & Schlegel, 1981) . We have previously examined the effects of a wide range of O2 and C 0 2 concentrations on growth and glycollate formation in A . rutrophus (King & Andersen, 1980) . A . cutrophus does not appear to have any COz-concentrating mechanism to complicate the interpretation of such experiments. The affinity of whole cells for C 0 2 is close to the value observed for A . mtrophus RuBPCase in Litro (about 6 0~~) .
The facultative nature of A . outrophus makes isolation and propagation of autotrophic-minus mutants straightforward (Andersen. 1979) . Suitable conditions for induction of high levels of RuBPCase and other autotrophic enzymes under heterotrophic or mixotrophic conditions have been defined (Andersen, 1979) .
A . eutrophus is amenable to genetic manipulations by both recombinant-DNA and classic techniques such as R-factor-mediated chromosome transfer (Andersen & Valentine, 1982) . Several broad-host-range cloning vectors based on RK2 or RSFlOlO can be conjugated from E. roli into A . rutrophus, where they are stably maintained (Andersen & Wilke-Douglas, 1984 ; K. Andersen, M. Wilke-Douglas & J. Caton, unpublished work). We recently constructed a gene bank of A . eutrophus A.T.C.C. 17707 in the cosmid vector pVK102 (Andersen & Wilke-Douglas, 1984) . This gene bank complemented a number of auxotrophic-and autotrophicminus mutants. Complementation of the RuBPCaseminus mutant AE370 (a structural gene mutant; Andersen, 1979) allowed identification of several recombinant plasmids that contained the A . eutrophus RuBPCase genes. Analysis of these plasmids revealed the presence of functional RuBPCase genes both on the chromosome and on the self-transmissible megaplasmid pAE7 in A . eutrophus A.T.C.C. 17707. This plasmid also determines H, metabolism like similar plasmids in other A . eutrophus strains (Andersen et al., 1981) . The pattern of transcription of the A . eutrophus RuBPCase was analysed by Northern blotting. Only one transcript of 2.1 kb appeared to be present in A . eutrophus A.T.C.C. 17707 (probe: chromosomal RuBPCase genes). The interpretation of these results are complicated by the presence of both chromosomal and plasmid-pAE7-encoded RuBPCase genes in the wildtype. A strain cured of pAE7 also appeared to make only one major 2.1 kb transcript, as did P . wrugiuosu 2036 containing the cloned A . cutrophus chromosomal RuBPCase genes. We therefore conclude that the largeand small-subunit genes are co-transcribed, as is the case in Anabaena 71 20 (Nierzwicki-Bauer et d.. 1984).
DNA sequencing showed the small-subunit gene to be located downstream from the large-subunit gene. with an intergenic region of only 47 bp. A plausible transcription termination sequence is located a short distance downstream from the small subunit structural gene. The putative promoter region bears no obvious resemblance to E. coli promoter sequences. The DNA sequence was determined for the A. c.utrophu.7 A.T.C.C. 17707 chromosomal RuBPCase genes ( K . Andersen, M. Wilke-Douglas & J . Caton, unpublished work). The large subunit consists of488 amino acid residues and is co-linear with large-subunit sequences from other organisms such as tobacco (Nicotiunu tubacum) (Shinozaki & Sugiura, 1982 Haselkorn, 1983) and Synechococcus P.C.C. 630 (Reichelt & Delaney, 1983 ) throughout most of the sequence. Overall amino-acid-sequence homology with large subunits from all of these organisms was surprisingly similar, namely 54 -57%. The amino-acid-sequence homology with Rhodospirillum ruhrum large subunit (Narang C I 01.. 1984) was about 27%. The R . ruhrum enzyme consists of a dimer of large subunits only (Tabita & McFadden, 1971 ) and may thus have taken a different evolutionary path than the plant-type RuBPCases with both large and small subunits. The A. eutrophus RuBPCase large subunit regions, which have homology with plant large subunit, include likely active-site residues such as Lys-175, -201 and -334 (referred to tobacco large subunit; Shinozaki & Sugiura, 1982 ). An exception is Cys-459, which is replaced with alanine in A . cwtrophus (and with leucine in A . nich1un.s and Sjwcchococcus P.C.C. 630 1 ).
The small subunit from A . cwtrophus A.T.C.C. 17707 chromosomal RuBPCase consists of 140 amino acid residues. It has 31 YO amino acid sequence homology with tobacco small subunit (Muller P I ul., 1983) and 36% homology with A. nidu1m.s small subunit (Shinozaki & Sugiura, 1983) . It contains the same internal 12-aminoacid-residue deletion as found in the blue-green algae when compared with plant small subunits. In addition, there is a seven-residue deletion at the N-terminus and an additional 33 residues at the C-terminus.
Many of the amino-acid-sequence differences between RuBPCase from A . cwtrophus and, for example, tobacco, constitute conservative substitutions. Hydropathy plots revealed a remarkable similarity between the RuBPCase large subunits from A . wrrophus and other organisms with plant-type RuBPCases, such as A . niriuluns and tobacco. We therefore conclude that the A . cutrophus RuBPCase has a high degree of structural similarity to other plant-type RuBPCases. even though there appear to be differences in quaternary structure (Bowien et ul., 1980) . Protein sequencing of the N-terminus of purified A . eutrophus ATCCI 7707 chromosomal RuBPCase subunits confirmed the DNA-sequencing results. The A. eutrophus RuBPCase subunits had not been processed beyond loss of formylmethionine from the large subunit, in contrast with plant RuBPCase. where both subunits are processed (Miziorko & Lorimer. 1983) .
A . eutrophus us u gcnctic q~s t c m ,fhr RuBP('u.sc~ A . eutrophus can be used as a host for genetic manipulation of RuBPCase genes. We are currently constructing RuBPCase-minus strains for this purpose. The wild-type A . cwtrophus A.T.C.C. 17707 contains functional RuBPCase genes both on the chromosome and on the megaplasmid pAE7, as mentioned previously. Strains cured of pAE7 lack hydrogenase activity, and are thus no longer capable of autotrophic growth with H,. They do, however, grow on formate, which is oxidized to CO?. The C 0 2 is then fixed by the chromosomally encoded RuBPCase. Deletion derivatives of the cloned chromosomal RuBPCase genes were constructed in vitro. One derivative, where part of the RuBPcase promoter region and large subunit structural gene had been replaced with the Tn903 kanamycin-resistance gene, was recombined back into the chromosome of a strain cured of plasmid pAE7. l h e resulting strain is RuBPCase-minus and does not grow on formate. It is complemented by recombinant plasmids containing the cloned A . cwtrophus RuBPCase genes. This strain can therefore be used as a phenotypic screen of RuBPCase mutants. Strains where the plasmid pAE7 encoded RuBPCase genes have also been inactivated are being constructed. These strains will provide a powerful screening system where large numbers of RuBPCase mutants can be screened after mutagenesis of the RuBPCase genes in vitro. The simplest screen would be to compare growth rate (colony size) under different C 0 2 and O2 concentration. Chemostat enrichment for fast-growing mutants is also feasible.
We have subcloned the A . 
